Selectivity (S) was correlated to the CO microcalorimetric chemisorption results in order to identify the treshold value of differential heat of chemisorption for the selective path. The following formula was applied and solved analytically: S= mol of CO below the treshold value/ mol of total CO chemisorbed. The Pd1.8%873 after 20 minutes of reaction is characterized by a selectivity of 93%. Thus among the total 2 mol*g -1 of CO adsorbing, only 1.86 mol*g -1 of CO adsorb on the Pd atoms, which catalyze selectively the O2 hydrogenation. For the used Pd0.3%CxN after 180 minutes of reaction, the selectivity is 58%. In this case, among the 0.16 mol*g -1 of CO adsorbing, only 0.96 mol*g -1 of CO adsorb on the Pd atoms, which catalyze selectively the O2 hydrogenation. Those two catalysts actually give a pretty similar threshold value. This corresponds to a threshold value of 70 kJ*mol -1 : all the sites probed by CO chemisorption above this value are unselective. On the other hand, for Pd1.8%473, if we consider the overall amount of CO adsorbed 3.4 mol*g -1 , 2.1 mol*g -1 are responsible of the unselective pathway which gives a differential heat of adsorption as low as 40 kJ*mol -1 .
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For the sample Pd1.7%473 a better correlation was found when considering only the CO chemisorbed with a heat of adsorption above 40 kJ*mol -1 . In this case, 1.22 kJ*mol -1 are considered unselective and 0.78 kJ*mol -1 selective. This situation corresponds to a threshold differential heat of chemisorption of about 70 kJ*mol -1 , consistently with the other samples. If this is the case, chemisorption sites present on the Pd1.7%473 with a differential heat of chemisorption of 40 kJ*mol -1 are not involved in the H2O2 synthesis from the elements. These chemisorption sites could be intuitively assigned to the Pd 2+ species highly abundant on this sample. Such a correlation could also explain the initial low activity observed for the PdAuNCNT473 catalysts discussed in reference 6. Those values could be used to model selective and unselective Pd sites and predict better catalysts for the H2O2 direct synthesis. Scheme S 1: Reaction network of the direct H2O2 synthesis: direct formation of H2O2 and H2O, and decomposition of H2O2 to water. Figure S1 . a) Deconvolved N1s XP spectra for NCNT473 (top) and NCNT873 (bottom) at KE 600eV. 12% and 8% are the N atomic abundance for NCNT473 and NCNT873, respectively. Fitting:
[11] N1 (398.5 eV) is pyridine-like N; N2 (399.4 eV) is NH bond in amine and amide; N3 (400.1 eV) is pyrrole and lactam species; N4 (401.1 eV) is graphitic N. b) Deconvolved N1s XP spectra for CxN at KE 600eV in different sample spots. 16% and 8% are the N atomic abundance. The N5 component was attributed to N-O species. Figure S 2: C1s spectra at 600eV KE, corresponding to a depth information of 2.5nm, normalized at the maximum peak intensity for comparison: CxN fresh (black line), after Pd immobilization (blue line), Pd0.3%CxN used (red line), NCNT functionalized with NH3 at 873K, NCN873 (green line) and HOPG (pale blue). The C1s spectrum of the NCN873 shows a peak with maximum at 284.5 eV much broader than the asymmetric peak of HOPG at 284.4 eV. Broadening to the higher binding energy side indicates C in sp 3 bonding or highly defective sp 2 carbon phase. C-N species contribute to this broadening. The CxN samples are characterized by a more symmetric main peak than the NCNT873, with maximum at 285 eV, indicating a comparatively reduced extension of the conjugated system. The component around 288 eV is attributed to parasitic surface C-O species.
[11 ]
Figure S 3: Survey spectra with 1100 eV excitation energy for Pd0.3%CxN fresh (red and blue line) and Pd0.3%CxN used (black).
Scheme S 2: Proposed formation pathways of the different N species in CxN.

Figure S 4:
Cumulative formation of H2O2 (red cycle), cumulative formation of H2O (black cycle) and H2O2 selectivity (green cycle) for Pd1.8%873 (a); Pd1.8%473 (b); Pd0.3%873SI (c) Pd0.3%873IWI (d) and Pd0.3%CxN (e). Changes in selectivity are triggered by the excessive exposure of the Pd surface to the reactive environment, O2 and H2, which is realized by the initial detachment of the PVA covering the nanoparticles surface facilitating the NPs overgrowth. This is the dominant process for most of the Pd NPs on NCNTs, due to the very low abundance of substitutional N species stabilizing small nanoparticles and, the more rigid carbon structure of the support. On CxN, the higher N abundance and the poorly graphitic surface realize a condition in which the surface of the Pd NPs is protected even at long reaction time resulting in the higher selectivity observed. 
Figure S 15:
N1s XP spectra for fresh (bottom) and after 12min reaction (top): Pd1.8%873 (A) and Pd1.7%473(B). Fitting as described in [11, 13] : N1 (red) Pyridine-like N; N2 (blue light) NH in amine and amide; N3 (magenta) in pyrrole-like and lactam N; N3 (green) quaternary N; N5 (dark blue) Pyridine oxide species. 
